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Abstract: Hungary is one of the most industrialized countries in Europe, since many leading car companies 
together with their suppliers and related industries have production sites in this area. In the paper, a 
comprehensive questionnaire with 99 questions is introduced in detail, which aims to assess the Industry 
4.0 readiness of companies in Hungary – taking into consideration some general information about the 
participating organization, the relevant company level Industry 4.0 maturity topics on the one side and, 
also issues related to national economy policy on the other side. The first results are presented here: the 
focus is on questions related to data collection, processing and utilization, in terms of the manufacturing 
processes, machines and products, as well. Based on the answers given by Hungarian organizations, it can 
be stated that most of them collect data about their production, but in general, the use of this data has not 
yet been integrated into the manufacturing and production processes. © 2019 IFAC 
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1. INTRODUCTION 
The development path of the Hungarian economy is 
approaching a turning point. The growth of the 2009-2015 
period was largely based on the performance of export-
oriented international companies, who built their business on 
the availability of high-value-for-money workforce. 
Nowadays, Hungary is one of the most industrialized countries 
in Europe: industry share of GDP was 22.4 % in 2014, due to 
the car manufacturing and related industries (Nick and 
Pongrácz, 2017). At the government level – and in line with 
the European Union's reindustrialization strategy (Probst et al., 
2018) – the Hungarian government intends to facilitate the 
digitisation of industry and, as a result, its development. As a 
declared objective, industry's share in GDP should rise to 30% 
by 2020. In order to achieve this goal, traditional industries and 
existing business models need to be transformed since 
innovation is increasingly the key to value creation. In 
conclusion, Hungary needs to move forward from mass 
production to a country which is offering quality, added value 
and knowledge in conformance with our role in the global 
value chain – and the application of Industry 4.0 is certainly 
the decisive element of success. 
Established in 2016, the Hungarian Industry 4.0 National 
Technology Platform (2016, NTP) launched its first 
questionnaire project that explores the Hungarian Industry 4.0 
ecosystem, i.e. the technological and business maturity of 
individual companies from the digitization perspective, and 
provides also an overview of the current trends in relevant 
macroeconomic developments. The purpose of this paper is to 
introduce a model for the assessment of the Hungarian 
Industry 4.0 ecosystem and then to present the first results of 
the related empirical research. The scope of this paper – with 
regard to the boundary limits – is the assessment of processes 
connected to data collection, processing and utilization. 
The basis of the anonymous online questionnaire survey is an 
empirical research model created by the authors. The 
formulation of the questionnaire was finalized by using 
existing sources, updating and extending them, making in-
depth interviews with experts, and incorporating their own 
ideas (explained in detail in Section 2). In terms of 
formalization, the questionnaire contains open and closed 
questions, whereas in terms of measurement levels nominal, 
ordinal and proportion questions are included (Babbie, 2008). 
Due to the ambitious 2020 target of industry share, questions 
about the planning period up to 2020 were also added. The 
sampling phase took place between April 2017 and September 
2018. 
Nowadays, the relationship between service providers, 
manufacturers, suppliers, and customers is becoming more and 
more integrated. Consequently, sensors, machines, 
workpieces, and IT systems are integrated in a vertical (within 
the company) and horizontal (between companies) way across 
the entire supply and value chain. The vision of Industry 4.0 
must bring the following four goals (Monostori et al., 2016; 
Bauernhansl et al., 2014): 
 Vertical Integration: In a smart factory, people, machines, 
and other resources are mapped into a digital model and 
communicate with each other through cyber-physical 
systems. 
9th IFAC Conference on Manufacturing Modelling, Management and
Control
Berlin, Germany, August 28-30, 2019
Copyright  2019 I AC 294
     
Industry 4.0 readiness in Hungary: model, and the first results in connection to 
data application 
 
Gábor Nicka, Ádám Szallera,b*, Júlia Bergmanna, Tamás Várgedőa 

aCentre of Excellence in Production Informatics and Control, Institute for Computer Science and Control, Hungarian Academy 
of Sciences, Budapest, Hungary (adam.szaller@sztaki.mta.hu) 
bDepartment of Manufacturing Science and Engineering, Budapest University of Technology and Economics, Budapest, 
Hungary 
Abstract: Hungary is one of the most industrialized countries in Europe, since many leading car companies 
together with their suppliers and related industries have production sites in this area. In the paper, a 
comprehensive questionnaire with 99 questions is introduced in detail, which aims to assess the Industry 
4.0 readiness of companies in Hungary – taking into consideration some general information about the 
participating organization, the relevant company level Industry 4.0 maturity topics on the one side and, 
also issues related to national economy policy on the other side. The first results are presented here: the 
focus is on questions related to data collection, processing and utilization, in terms of the manufacturing 
processes, machines and products, as well. Based on the answers given by Hungarian organizations, it can 
be stated that most of them collect data about their production, but in general, the use of this data has not 
yet been integrated i to the manufacturing and production processes. © 2019 IFAC 
Keywords: Industry 4.0, Smart manufacturing systems, Maturity model, Readiness assessment, 
Digitalization 

1. INTRODUCTION 
The development path of the Hungarian economy is 
approaching a turning point. The growth of the 2009-2015 
period was largely based on the performance of export-
oriented international companies, who built their business on 
the availability of high-value-for-money workforce. 
Nowadays, Hungary is one of the most industrialized countries 
in Europe: industry share of GDP was 22.4 % in 2014, due to 
the car manufacturing and related industries (Nick and 
Pongrácz, 2017). At the government level – and in line with 
the European Union's reindustrialization strategy (Probst et al., 
2018) – the Hungarian government intends to facilitate the 
digitisation of industry and, as a result, its development. As a 
declared objective, industry's share in GDP should rise to 30% 
by 2020. In order to achieve this goal, traditional industries and 
existing business models need to be transformed since 
innovation is increasingly the key to value creation. In 
conclusion, Hungary needs to move forward from mass 
production to a country which is offering quality, added value 
and knowledge in conformance with our role in the global 
value chain – and the application of Industry 4.0 is certainly 
the decisive element of success. 
Established in 2016, the Hungarian Industry 4.0 National 
Technology Platform (2016, NTP) launched its first 
questionnaire project that explores the Hungarian Industry 4.0 
ecosystem, i.e. the technological and business maturity of 
individual companies from the digitization perspective, and 
provides also an overview of the current trends in relevant 
macroeconomic developments. The purpose of this paper is to 
introduce a model for the assessment of the Hungarian 
Industry 4.0 ecosystem and then to present the first results of 
the related empirical research. The scope of this paper – with 
regard to the boundary limits – is the assessment of processes 
connected to data collection, processing and utilization. 
The basis of the anonymous online questionnaire survey is an 
empirical research model created by the authors. The 
formulation of the questionnaire was finalized by using 
existing sources, updating and extending them, making in-
depth interviews with experts, and incorporating their own 
ideas (explained in detail in Section 2). In terms of 
formalization, the questionnaire contains open and closed 
questions, whereas in terms of measurement levels nominal, 
ordinal and proportion questions are included (Babbie, 2008). 
Due to the ambitious 2020 target of industry share, questions 
about the planning period up to 2020 were also added. The 
sampling phase took place between April 2017 and September 
2018. 
Nowadays, the relationship between service providers, 
manufacturers, suppliers, and customers is becoming more and 
more integrated. Consequently, sensors, machines, 
workpieces, and IT systems are integrated in a vertical (within 
the company) and horizontal (between companies) way across 
the entire supply and value chain. The vision of Industry 4.0 
must bring the following four goals (Monostori et al., 2016; 
Bauernhansl et al., 2014): 
 Vertical Integration: In a smart factory, people, machines, 
and other resources are mapped into a digital model and 
communicate with each other through cyber-physical 
systems. 
9th IFAC Conference on Manufacturing Modelling, Management and
Control
Berlin, Germany, August 28-30, 2019
Copy ight © 2019 IFAC 294
     
Industry 4.0 readiness in Hungary: model, and the first results in connection to 
data application 
 
Gábor Nicka, Ádám Szallera,b*, Júlia Bergmanna, Tamás Várgedőa 

aCentre of Excellence in Production Informatics and Control, Institute for Computer Science and Control, Hungarian Academy 
of Sciences, Budapest, Hungary (adam.szaller@sztaki.mta.hu) 
bDepartment of Manufacturing Science and Engineering, Budapest University of Technology and Economics, Budapest, 
Hung ry 
Abstract: Hungary is one of the most industrialized countries in Europe, since many leading car companies 
together with their suppliers and related industries have production sites in this area. In the pa er, a
c mpr hensive questionnai e with 99 questions is introduced in detail, which aim to assess t  Industry
4.0 readine s of companies in Hungary – aking into consi eration some general information about the
participating organization, the relevant compa y level Industry 4.0 maturity topics on the one side and,
also issues related to national economy policy on the other ide. The first results are presented here: the
focus is on questions related to data collect on, proc ssing an  utilization, in terms of the manufacturing
proces es, machines and products, as we l. Based on the answers given by Hungarian organiz tions, it can
be stated that most of them collect data about their production, but in general, the use of th s data has not
y t been integrated into the manufacturing and production processes. © 2019 IFAC 
Keywords: Industry 4.0, Smart manufacturing systems, Maturity model, Readiness assessment, 
Digitalization 

1. INTRODUCTION 
The development path of the Hungarian economy is 
approaching a turning point. T growth of th  2009-2015
period was largely based on the performanc  of export-
oriented international companies, who built their business on 
the availability of high-value-for-money workforce.
Nowadays, Hungary is one of the most industrialized count ies
in Europe: industry share of GDP was 22.4 % in 2014, due to
the car manufacturing and related industries (Nick and
Pongrácz, 2017). At the government level – and in l ne with
the European Union's reindust ialization strategy (Probst et al.,
2018) – the Hungarian gove nmen  i tends to facilitat  the
digitisation of industry and, as a r sult, its evelopment. As a
eclared bjective, industry's har  in GDP should ris  to 30%
by 2020. In order to achieve this goal, traditional industries and
existing busin ss mod ls need to be transformed ince
innovation is increasingly th  key to value creation. In
conclus , Hu gary eeds to move forward from mass
product  to a country which is offering quality, added value
and knowledge in conformance with our role in th  global
value chain – and the application of Ind st y 4.0 is certainly
the de isive element of success. 
Established in 2016, the Hungarian Industry 4.0 National 
Technology Platform (2016, NTP) launched its first
questi nnaire project that explores the Hungarian Indu try 4.0
eco ystem, i.e. the technological and business maturit  of
individual companies from the digitization perspec ive, and
provides als  an overview of the current trends in relevant
macro conomic developments. The pu pose of this paper is to
introduce a model for the assessment of the Hungarian 
I dustry 4.0 ecosystem and then to pr sent the first results of
the related empirical research. The scop  of this paper – with
regard to th  boundary limits – is the assessment of processes
connec ed to data collection, processing and utilization. 
The basis of the n nymous onlin  questionna re survey is an 
empirical research model created by the authors. The
formulation of the questionnaire was finalized by using
existing sources, updating a d extending them, making in-
depth interviews with experts, and incorporating the r own 
ideas (explained in detail in Section 2). In terms of
formalization, the questionna re con ai s open and closed
questions, whereas in terms of measurement l vels nominal,
ordinal and proportion questi ns are included (Babbie, 2008).
Due to the ambitious 2020 arget of dustry share, questions
abou  the planning period up to 2020 were also added. The
sampling ph se took place between April 2017 and September
2018. 
Nowadays, the relationship between service providers, 
manufacturers, supp iers, and custom rs is b coming more and
ore int grated. Consequently, sensors, machines,
w kpieces, and IT system  are i egrated in a vertical (w thin
the company) and horizontal (betw en companies) way across
entire supply and value chain. The vision of Industry 4.0
must bring the following four goals (Monostori et al., 2016;
Bauernhansl et al., 2014): 
 Vertical Integration: In a smart factory, people, machines, 
and other r sources are mapped into a digital odel and
communicate with each oth r through cyber-physical
systems. 
9th IFAC Conference on Manufacturing Modelling, Management and
Control
Berlin, Germany, August 28-30, 2019
Copyright © 2019 IFAC 294
,


'
'
     
Industry 4.0 readiness in Hungary: model, and the first results in connection to 
data applic tion 
 
Gábor Nicka, Ádám Szallera,b*, Júlia Bergmanna, Tamás Várgedőa 

aCentre of Excellence in Production Informatics and Control, Institute for Computer Science and Control, Hungarian Academy 
of Sciences, Budapest, Hungary (adam.szaller@sztaki.mta.hu) 
bDepartment of Manufacturing Science and Engineering, Budapest University of Technology and Economics, Budapest, 
Hungary 
Abstract: Hungary is one of the most industrialized countries in Europe, since many leading car companies 
together with their suppliers and related industries have production sites in this area. In the paper, a 
comprehensive questionnaire with 99 questions is introduced in detail, which aims to assess the Industry 
4.0 readiness of companies in Hungary – taking into consideration some general information about the 
participating organization, the relevant company level Industry 4.0 maturity topics on the one side and, 
also issues related to national economy policy on the other side. The first results are presented here: the 
focus is on questions related to data collection, processing and utilization, in terms of the manufacturing 
processes, machines and products, as well. Based on the answers given by Hungarian organizations, it can 
be state  that most of them collect data about their production, but in general, the use of this data has not 
yet been integrated into the manufacturing and production processes. © 2019 IFAC 
Keywords: Industry 4.0, Smart manufacturing systems, Maturity model, Readiness assessment, 
Digitalization 

1. INTRODUCTION 
The development path of the Hungarian economy is 
approaching a turning point. The growth of the 2009-2015 
period was largely based on the performance of export-
oriented international companies, who built their business on 
the availability of high-value-for-money workforce. 
Nowadays, Hungary is one of the most industrialized countries 
in Europe: industry share of GDP was 22.4 % in 2014, due to 
the car manufacturing and related industries (Nick and 
Pongrácz, 2017). At the government level – and in line with 
the European Union's reindustrialization strategy (Probst et al., 
2018) – the Hungarian government intends to facilitate the 
digitisation of industry and, as a result, its development. As a 
declared objective, industry's share in GDP should rise to 30% 
by 2020. In order to achieve this goal, traditional industries and 
existing business models need to be transformed since 
innovation is increasingly the key to value creation. In 
conclusion, Hungary needs to move forward from mass 
production to a country which is offering quality, added value 
and knowledge in conformance with our role in the global 
value chain – and the application of Industry 4.0 is certainly 
the decisive element of success. 
Established in 2016, the Hungarian Industry 4.0 National 
Technology Platform (2016, NTP) launched its first 
questionnaire project that explores the Hungarian Industry 4.0 
ecosystem, i.e. the technological and business maturity of 
individual companies from the digitization perspective, and 
provides also an overview of the current trends in relevant 
macroeconomic developments. The purpose of this paper is to 
introduce a model for the assessment of the Hungarian 
Industry 4.0 ecosystem and then to present the first results of 
the related empirical research. The scope of this paper – with 
regard to the boundary limits – is the assessment of processes 
connected to data collection, processing and utilization. 
The basis of the anonymous online questionnaire survey is an 
empirical research model created by the authors. The 
formulation of the questionnaire was finalized by using 
existing sources, updating and extending them, making in-
depth interviews with experts, and incorporating their own 
ideas (explained in detail in Section 2). In ter s of 
formalization, the questionnaire contains open and closed 
questions, whereas in terms of measurement levels nominal, 
ordinal and proportion questions are included (Babbie, 2008). 
Due to the ambitious 2020 target of industry share, questions 
about the planning period up to 2020 were also added. The 
sampling phase took place between April 2017 and September 
2018. 
Nowadays, the relationship between service providers, 
manufacturers, suppliers, and customers is becoming more and 
more integrated. Consequently, sensors, machines, 
workpieces, and IT systems are integrated in a vertical (within 
the company) and horizontal (between companies) way across 
the entire supply and value chain. The vision of Industry 4.0 
must bring the following four goals (Monostori et al., 2016; 
Bauernhansl et al., 2014): 
 Vertical Integration: In a smart factory, people, achines, 
and other resources are mapped into a digital model and 
communicate with each other through cyber-physical 
systems. 
9th IFAC Conference on Manufacturing Modelling, Management and
Control
Berlin, Germany, August 28-30, 2019
Copyright © 2019 IFAC 294
     
Industry 4.0 readiness in Hungary: model, and the first results in connection to 
data applic tion 
 
Gábor Nicka, Ádám Szallera,b*, Júli  Bergmanna, Tamás Várge őa 

aCentr  of Excellence in Production Inform tics and Control, Institute for Computer Science and Control, Hungarian Academy 
of i s, Budapest, Hungary (adam.szaller@sztaki.mta.hu) 
bDepartment of Manufacturing Science and Engineering, Budapest University of Technology and Economics, Budapest, 
Hungary 
Abstract: Hungary i  one of the most industrialized countries in Europe since many leading car companies
together with their suppliers and rela ed industri s have production sit s i  this area. In the paper, a
compreh sive question aire with 99 quest ons is intr duced in detail, wh ch aims t  assess the Industry
4.0 readiness of compan es in Hu gar  – aking into consideration some gen al in o matio  about
articipati g organiz tion, the relevant company level I dustry 4.0 maturity opics on the one side and,
also i ues related t  ational economy policy on the other side. The first results r presented here: the
focus is o  questions relat d to data collection, processi g a d utilizatio , in terms of the manufacturing
processes, machines and products, as well. Based on the answers given by Hungarian organizations, it can 
be stated that most of them collect data about their production, but in general, the use of this data has not 
yet been integrated into the manufacturing and production processes. © 2019 IFAC 
Keywords: Industry 4.0, Smart manufacturing systems, Maturity model, Readiness assessment, 
Digitalization 

1. INTRODUCTION 
Th  development path of the Hungarian ec nomy is
approach g a ur ing point. The gr wth of the 2009-2015
period was lar el  based on the pe formance of export-
oriented international c mpanies, ho built the r business on
vailability of high-valu -for-money workforce.
N wadays, H ngary s one of th  most industrialized countr es
in Eu ope: i dustry hare of GDP was 22.4 % in 2014, due o
car manufactu ng and related indu tries (N ck and
Pongrácz, 2017). At the er e t level – and in e with
the European U ion's rei u tri lization strategy (Probs  et al.,
2018) – the Hungarian governm nt intends to facilitate the
digi satio f industry and, as a result, its devel p nt. As a
declared objective, industr 's share in GDP should ise t  30%
by 2020. In order to achieve this goal, tradition l industries and
existing business mod ls need t  be tr nsformed sinc
i nova is increasingly the key to v lue creation. In
conclusion, Hungary needs t  move forward from mass
pro u tion to a country wh h s offeri g quality, added value
and knowl dg  in c nformance with our role in the global 
value chain – and the application of Industry 4.0 is certainly 
the decisive element of success. 
Established in 2016, t e Hungari Indust y 4.0 National
Technology Platform (2016, NTP) launched its first
quest onn ire project that explores the Hungarian Industry 4.0
ec system, i.e. the technol gical and business maturity of
individual companies from he digitization perspective, and
provides also an overview of the current trends in relevant 
macroeconomic developments. The purpose of this paper is to 
introduc  a model for the as s ment of the Hungarian
Industry 4.0 ecosystem and then to pre e t th  firs result  of
the r lated empiri al research. Th  cope of th s paper – with 
regard to the boundary limits – is the assessment of processes 
connected to data collection, processing and utilization. 
The basis f the anonymous o lin que tionna re survey i  an
mpirical res arch model cre ted by the authors. The
formulation of the questionnaire was finalized by using
existing sources, updating and ext ding them, making in-
depth terviews w th xperts, and incorporati g their wn
ideas (explained n detail in Section 2). In t r s of
formalization, the questionnaire contains open and closed
questi ns, whereas in terms of measurement levels nom nal,
ordinal and prop rtion questions are includ d (Babbie, 2008).
Due to the ambiti us 2020 targ t of industry share, questions
about the planning period up to 2020 were also added. The 
sampling phase took place between April 2017 and September 
2018. 
N wadays, the relationship between service provider
manufacturers, suppliers, and customers is becoming more and
mor  integr ted. Consequ tly, sensors, machines,
workpiece , and IT systems are tegrated in a vertic  (within
the company) and h rizontal (between companies) way across
the ntire supply and value chain. The vision of Industry 4.0 
must bring the following four goals (Monostori et al., 2016; 
Bauernhansl et al., 2014): 
 Vertical Integrat on: In a smart factory, people, machines,
and other resources are mapped into a digital model and 
communicate with each other through cyber-physical 
systems. 
9th IFAC Conference on Manufacturing Modelling, Management and
Control
Berlin, Germany, August 28-30, 2019
Copyright © 2019 IFAC 294
290 Gábor Nick  et al. / IFAC PapersOnLine 52-13 (2019) 289–294 
 
     
 
 Horizontal Integration: The smart factory adapts itself to 
its environment (i.e. order stock and availability of 
materials), and optimizes its production processes itself in 
real-time. 
 Smart products: Products have information about their 
own manufacturing processes and are able to collect and 
transfer data from all phases of their life cycle. This will 
enable the digital modelling of the smart factory and the 
development of a product based service offering. 
 Human beings are the drivers of added value. They are in 
the focal point. 
In the literature, several Industry 4.0 readiness evaluation 
methods and maturity models can be found. A recent review 
of these models is published by Mittal et al. (2018). Here, the 
authors enumerate 15 different maturity models in terms of the 
method they use, the focus, and also the gaps found in them. 
These models assess the Industry 4.0 maturity in different 
dimensions that contain questions or maturity items. The 
organization or company is evaluated based on these elements 
by choosing an appropriate level of scale, which contains in 
general four to ten levels. In terms of these dimensions, the 
most common ones are the following: strategy and 
organization, technology, IT, smart factory, smart products, 
data utilization and employees. In some models, additional 
dimensions appear, too, for example security policies 
(Rockwell Automation, 2014), performance (Jung et al., 2016) 
and customers (Schumacher et al., 2016). The number of 
maturity items vary on a wide scale, e.g. the VDMA’s online 
self-assessment questionnaire (VDMA, 2015) contains 
altogether 18 items, but in another maturity model, the authors 
present a survey with 65 questions (Schumacher et al., 2016). 
From the aspect of the company level maturity, the survey 
presented by the authors is a moderately detailed one, as it 
contains 46 questions related to the maturity assessment of the 
company (questions 16-61) in 6 dimensions: strategy and 
organization, smart factory, intelligent processes, smart 
products, services based on product data and employees. 
Nevertheless, the survey comprises 99 questions in total. 
Compared to other models found in the literature, it is a 
novelty that general questions about the participating 
organization (questions 1-15), and issues regarding the 
national Industry 4.0 economy policy (questions 62-98) are 
also taken into consideration. 
The aim of our survey is to provide results related to Hungarian 
national economy as well, not only about one organization. In 
the survey, the authors adapt some items from VDMA, NTP 
and define new maturity items, also. 
2. MODEL OF THE EMPIRICAL RESEARCH 
The constitution of the 99 questions in the questionnaire is the 
following: 16% of the questions were created by the 
designated persons in the NTP Workgroups, knowing the 
issues of previous surveys – they have identified issues that 
reflect the specific needs of their field of expertise. Typically, 
aspects of education, training, employment, and access to 
financial resources have been introduced here. Additionally, 
the authors clarified their own view on the digitisation of 
industry during personal in-depth expert interviews (66% of 
the questions). The Industrie 4.0 readiness questionnaire and 
the associated study (VDMA 2015) provides the framework 
for the second part of the questionnaire with the company level 
questions (18% of the questions). Table 1 shows the number 
of questions with their sources. 
Table 1. Source of questions 
Source Sequence number of the questions 
Authors 
1 2 3 4 5 6 7 8 9 
10 11 12 13 14 15 16 19 20 
21 23 24 25 29 30 31 32 33 
37 40 42 53 54 55 56 57 58 
59 64 65 66 67 68 69 70 71 
76 77 78 79 80 81 82 83 84 
85 86 87 88 89 90 91 92 94 
95 99 
       
I4.0 NTP 
28 34 36 46 47 60 62 63 72 
73 74 75 93 96 97 98 
  
VDMA 
17 18 22 26 27 35 38 39 41 
43 44 45 48 49 50 51 52 61 
 
The empirical research aimed to create a map of the Hungarian 
Industry 4.0 ecosystem. In the presented work, the main goal 
was to explore to what extent Industry 4.0 criteria appear in 
the operation and business model of Hungarian companies. 
What are the differences in the expectations of individual 
companies towards the national economy policy? In order to 
get to know adequately both the current and future situation, it 
is necessary to assess the needs and expectations of the 
industrial digital ecosystem in terms of strategic economic 
governance and also to explore the current status of Industry 
4.0 awareness, acceptance and implementation both at the 
individual (company, academy, social organization) 
ecosystem level and the national economy level, as well. The 
openness for R&D&I cooperation, the competitiveness 
potential and conditions, the situation of education and training 
are also important aspects. The persistent challenges to human 
resources, the local expectations and effects of industrial 
digitisation, and above all, the unique Industry 4.0 capabilities 
of companies are taken into consideration here, too. Table 2 
shows the main parts of the questionnaire. 
2.1 General questions about the organization 
In this section of the questionnaire, one part of the questions 
relates to the number of the production sites, their geographical 
location, and the industry sector(s) the organization operates 
in. We are also looking for answers to important questions that 
affect organizational philosophy, such as where they see their 
role in the supply chain and how much added value is produced 
by them. The territorial embeddedness in the innovation 
system is determined by examining cluster membership and 
R&D&I cooperation willingness. 
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present a survey with 65 questions (Schumacher et al., 2016). 
From the aspect of the company level maturity, the survey 
presented by the authors is a moderately detailed one, as it 
contains 46 questions related to the maturity assessment of the 
company (questions 16-61) in 6 dimensions: strategy and 
organization, smart factory, intelligent processes, smart 
products, services based on product data and employees. 
Nevertheless, the survey comprises 99 questions in total. 
Compared to other models found in the literature, it is a 
novelty that general questions about the participating 
organization (questions 1-15), and issues regarding the 
national Industry 4.0 economy policy (questions 62-98) are 
also taken into consideration. 
The aim of our survey is to provide results related to Hungarian 
national economy as well, not only about one organization. In 
the survey, the authors adapt some items from VDMA, NTP 
and define new maturity items, also. 
2. MODEL OF THE EMPIRICAL RESEARCH 
The constitution of the 99 questions in the questionnaire is the 
following: 16% of the questions were created by the 
designated persons in the NTP Workgroups, knowing the 
issues of previous surveys – they have identified issues that 
reflect the specific needs of their field of expertise. Typically, 
aspects of education, training, employment, and access to 
financial resources have been introduced here. Additionally, 
the authors clarified their own view on the digitisation of 
industry during personal in-depth expert interviews (66% of 
the questions). The Industrie 4.0 readiness questionnaire and 
the associated study (VDMA 2015) provides the framework 
for the second part of the questionnaire with the company level 
questions (18% of the questions). Table 1 shows the number 
of questions with their sources. 
Table 1. Source of questions 
Source Sequence number of the questions 
Authors 
1 2 3 4 5 6 7 8 9 
10 11 12 13 14 15 16 19 20 
21 23 24 25 29 30 31 32 33 
37 40 42 53 54 55 56 57 58 
59 64 65 66 67 68 69 70 71 
76 77 78 79 80 81 82 83 84 
85 86 87 88 89 90 91 92 94 
95 99 
       
I4.0 NTP 
28 34 36 46 47 60 62 63 72 
73 74 75 93 96 97 98 
  
VDMA 
17 18 22 26 27 35 38 39 41 
43 44 45 48 49 50 51 52 61 
 
The empirical research aimed to create a map of the Hungarian 
Industry 4.0 ecosystem. In the presented work, the main goal 
was to explore to what extent Industry 4.0 criteria appear in 
the operation and business model of Hungarian companies. 
What are the differences in the expectations of individual 
companies towards the national economy policy? In order to 
get to know adequately both the current and future situation, it 
is necessary to assess the needs and expectations of the 
industrial digital ecosystem in terms of strategic economic 
governance and also to explore the current status of Industry 
4.0 awareness, acceptance and implementation both at the 
individual (company, academy, social organization) 
ecosystem level and the national economy level, as well. The 
openness for R&D&I cooperation, the competitiveness 
potential and conditions, the situation of education and training 
are also important aspects. The persistent challenges to human 
resources, the local expectations and effects of industrial 
digitisation, and above all, the unique Industry 4.0 capabilities 
of companies are taken into consideration here, too. Table 2 
shows the main parts of the questionnaire. 
2.1 General questions about the organization 
In this section of the questionnaire, one part of the questions 
relates to the number of the production sites, their geographical 
location, and the industry sector(s) the organization operates 
in. We are also looking for answers to important questions that 
affect organizational philosophy, such as where they see their 
role in the supply chain and how much added value is produced 
by them. The territorial embeddedness in the innovation 
system is determined by examining cluster membership and 
R&D&I cooperation willingness. 
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Table 2. Main parts of the questionnaire 
Name of part Aim of the specific part Questions 
I. General  
questions about 
the organization 
Collection of 
management and 
statistical data about the 
organization. 
1-15 
II. Company level 
questions about 
Industry 4.0 
Assessing the individual 
Industry 4.0 capabilities 
at the micro level. 
16-61 
III. Issues on 
Industry 4.0 
connected to 
national economy 
Comprehensive 
understanding of the 
situation in Hungary. 
62-98 
IV. Feedback 
Contact details (to send 
feedback on the results if 
asked for) 
99 
2.2 Company level questions about Industry 4.0 
The second part of the questionnaire contains questions for the 
assessment of the individual Industry 4.0 capabilities of the 
respondent companies (summarized in Table 3). These 
questions are not only suitable for qualifying the companies in 
terms of their industry 4.0 readiness, but also to highlight the 
strengths and weaknesses of today's situation in Hungary in 
general. The Industry 4.0 phenomenon is commonly perceived 
as the integration of the physical and virtual worlds in the 
development of information and communications technology 
and manufacturing automation. Therefore, the dimensions 
Smart factory and Smart products are related to the physical 
world (12 questions), whereas Services based on product data 
is related to the virtual world (12 questions). The Strategy and 
organization and the Employees dimensions introduce two 
general aspects (22 questions in total) that also support the 
ecosystem approach. 
It is essential to know what technological solutions are already 
implemented in the company, and how consciously they are 
being developed further. Are they pursuing active innovation 
management? The number of their partnerships, the role of 
these in their value chain and company organization are also 
important aspects that are investigated in the dimension 
Strategy and organization.  In the dimension Smart Factory, 
the companies are assessed by looking at specific topics, such 
as robot density, data collection fields and extent, production 
and logistics devices (from qualitative and quantitative 
perspective). In Intelligent processes, IT relevant security and 
regulatory issues are addressed, together with the questions if 
there is an example where the product autonomously controls 
its production or if there is a production process that can react 
automatically to the changing production conditions in real-
time. It is important to know, how active the participants are 
in innovation of Smart Products and related services, and if 
they are collecting product data or not. If the company use the 
data that was collected during the product’s life cycle, the next 
question is how it is used; the company can offer specific 
Services based on product data in different areas, as well. The 
product usage data can be utilized in different fields, for 
example to develop new product features, optimize services, 
or to monitor customer patterns. As mentioned, humans should 
be in the centre of the future development of industry, as they 
are the drivers of value creation. In the Employees dimension 
different training programs, employee competences, processes 
in connection to the human resources are investigated. 
Table 3. Company level questions about Industry 4.0 
Dimension Dimension topic Questions 
Strategy and 
organization 
 
An implementation strategy 
defines the company's 
development path and 
assigns its position within 
the value chain. 
16-34 
Smart 
factory 
Identifies the existing 
equipment and the future 
development plans of the 
production system 
35-42 
Intelligent 
processes 
Assess smartness and self-
adapting capabilities of the 
processes and their 
characteristics relevant from 
the production, logistics and 
IT perspective. 
43-50 
Smart 
products 
Innovation in products and 
related services 51-54 
Services 
based on 
product data 
Utilisation rate and areas of 
the information that are 
collected on product usage 
throughout its life cycle. 
55-58 
Employees 
Availability and retention of 
human resources, in what 
direction(s) should they be 
trained. 
59-61 
2.3 Issues regarding Industry 4.0 with respect to the national 
economy policy 
A group of macro level questions aiming at a comprehensive 
understanding of the situation in Hungary can be found in the 
third part of the questionnaire (Table 4). In this part, the view 
of the participants was queried in connection to the future 
development prospects, and the possible options for, and the 
impacts of the government interventions. Additionally, 
organizational issues, parallel infrastructure developments, 
competitiveness preferences, financing and regulatory 
decisions are in the focus but it is essential that responses 
should not be linked to any given organization, but should 
always be interpreted at a higher general (i.e. industry or 
national economy) level. In case of Resolving territorial 
inequalities, the aim was to assess how satisfied the 
participants are with the domestic regional development policy 
and its results. What should the state do: either support the 
underdeveloped regions to catch up or prefer the already 
developed ones? In what form should the concrete subsidies 
arrive – tax deductions uniformly for everyone or should they 
compete for them? Or alternatively, should tenders be issued? 
Does it really mean any advantage to be a part of a cluster or 
an industrial park? The dimension State involvement is 
primarily an evaluation of government’s activities so far, but 
also, it can be interpreted as a request for help: where should 
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the competent ministry's officials place their priorities in the 
future. Is the government strategy widely known? Do the 
initiatives that have been launched so far support or rather 
hinder the achievement of the development goals? What is the 
first priority: legislation, infrastructure development, or 
improving the quality of the workforce? Exactly what kind of 
funding programs are preferred? In the dimension Energy and 
material efficient tools and production methods, the following 
issues are investigated. Although it seems trivial to digitize 
business and production processes and to use robots both in 
production and in logistics, but is it really the way forward that 
everyone want to follow? It is known that many business 
services are available on a cloud basis. Shall the companies 
safely rely in their operation on them or, is it too risky and 
should they use them only in certain areas, e.g. as a storage 
device? 
Table 4. Issues on Industry 4.0 connected to national 
economy 
Dimension Dimension topic Questions 
Resolving 
territorial 
inequalities 
What kind of government 
support is preferred and what 
region specific policy 
decisions are expected by the 
companies? 
62-70 
State 
involvement 
Specific suggestions for the 
strategic decisions of the 
government: the way of 
funding, the target area for 
support, the regulatory needs. 
71-75  
Energy and 
material 
efficient 
tools and 
production 
methods 
Importance of tools and 
technologies to support 
sustainability. 
76-80 
Applying 
new and 
digital 
technologies 
The current acceptance level 
of Industry 4.0 technologies, 
the challenges these raise to 
the stakeholders. 
81-88 
More 
efficient use 
of resources 
To what extent the 
implementation of Industry 
4.0 represents a competitive 
advantage and what are the 
obstacles it creates? 
89-92 
Employment 
expansion, 
job creation 
The significance of robots, 
changes in the expectations 
and needs of employees. 
93-98 
Applying new and digital technologies is the dimension where 
the present and future of the technologies that are most closely 
focused on Industry 4.0 were investigated. For example, what 
role will big data, IoT, M2M communication, RFID, sensors 
and embedded systems play in the future? Where is the 
greatest challenge to the implementation of these technologies: 
in the research, development, standardization or 
implementation phase? On the other hand, technologies need 
to be matched to the actual level of our existing systems and 
also continuously enhanced. Thus, one of the most effective 
ways is to use an external partner to follow an open innovation 
process. The range of expert services available on the domestic 
market in terms of quantity, quality or price is also an 
important question. In dimension More efficient use of 
resources, the characteristics of the local market and its 
relationship with the potential increase of competitiveness due 
to the implementation of Industry 4.0 is examined. Where are 
the obstacles? What about the available R&D&I services? Is 
there an appropriate infrastructure and how old are the 
commonly used production technologies? In addition to 
competitiveness, in which area can we expect a positive shift? 
Is it possible to break into new markets, will production and 
logistics processes be more transparent? From the point of 
view of horizontal integration, is it possible to use domestic 
producers as suppliers?  Is the implementation of vertical 
integration of corporate processes a preferred task for 
increasing competitiveness? 
The mostly articulated question or warning in connection to 
Industry 4.0 is the spread of robots. The dimension 
Employment expansion, job creation investigates the 
expectations of how the labour market will be affected by the 
growth of robots. How do human working conditions change? 
The success of Industry 4.0 depends heavily on knowledge, 
expertise and capabilities, and the human resources 
management strategy must therefore be tailored accordingly, 
by developing and educating staff with new in-depth digital 
capabilities at different levels. 
2.4 The evaluation process  
For evaluation, the data and metadata about the questions and 
answers of the survey have been loaded into a relational 
database. The evaluation logic of the individual questions was 
formalized with a simple declarative language. Then each 
answer was converted to a simple scalar number (point). The 
process was automatic and was executed iteratively, manually 
tweaking the evaluation logic of each individual survey 
questions until the statistical properties of the evaluated 
answers regarding the question seemed satisfying, i.e. the 
empirical distribution of the points have fitted the theoretical 
distribution. This way it was ensured that the process was free 
of calculation or algorithmic errors. 
4. FIRST RESULTS 
The focus of the questionnaire is twofold as previously 
described: assessing the individual abilities and the level of 
readiness of enterprises at micro level, and gaining a 
comprehensive understanding of the situation in Hungary at 
macro level. At the beginning of the questionnaire, to draw 
further conclusions, the participants were asked about the type 
and size of their organization. As Fig. 1 shows, mainly 
industrial enterprises of different sizes are represented in the 
results: 75% of the participants are small, medium or large 
enterprises. 
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the competent ministry's officials place their priorities in the 
future. Is the government strategy widely known? Do the 
initiatives that have been launched so far support or rather 
hinder the achievement of the development goals? What is the 
first priority: legislation, infrastructure development, or 
improving the quality of the workforce? Exactly what kind of 
funding programs are preferred? In the dimension Energy and 
material efficient tools and production methods, the following 
issues are investigated. Although it seems trivial to digitize 
business and production processes and to use robots both in 
production and in logistics, but is it really the way forward that 
everyone want to follow? It is known that many business 
services are available on a cloud basis. Shall the companies 
safely rely in their operation on them or, is it too risky and 
should they use them only in certain areas, e.g. as a storage 
device? 
Table 4. Issues on Industry 4.0 connected to national 
economy 
Dimension Dimension topic Questions 
Resolving 
territorial 
inequalities 
What kind of government 
support is preferred and what 
region specific policy 
decisions are expected by the 
companies? 
62-70 
State 
involvement 
Specific suggestions for the 
strategic decisions of the 
government: the way of 
funding, the target area for 
support, the regulatory needs. 
71-75  
Energy and 
material 
efficient 
tools and 
production 
methods 
Importance of tools and 
technologies to support 
sustainability. 
76-80 
Applying 
new and 
digital 
technologies 
The current acceptance level 
of Industry 4.0 technologies, 
the challenges these raise to 
the stakeholders. 
81-88 
More 
efficient use 
of resources 
To what extent the 
implementation of Industry 
4.0 represents a competitive 
advantage and what are the 
obstacles it creates? 
89-92 
Employment 
expansion, 
job creation 
The significance of robots, 
changes in the expectations 
and needs of employees. 
93-98 
Applying new and digital technologies is the dimension where 
the present and future of the technologies that are most closely 
focused on Industry 4.0 were investigated. For example, what 
role will big data, IoT, M2M communication, RFID, sensors 
and embedded systems play in the future? Where is the 
greatest challenge to the implementation of these technologies: 
in the research, development, standardization or 
implementation phase? On the other hand, technologies need 
to be matched to the actual level of our existing systems and 
also continuously enhanced. Thus, one of the most effective 
ways is to use an external partner to follow an open innovation 
process. The range of expert services available on the domestic 
market in terms of quantity, quality or price is also an 
important question. In dimension More efficient use of 
resources, the characteristics of the local market and its 
relationship with the potential increase of competitiveness due 
to the implementation of Industry 4.0 is examined. Where are 
the obstacles? What about the available R&D&I services? Is 
there an appropriate infrastructure and how old are the 
commonly used production technologies? In addition to 
competitiveness, in which area can we expect a positive shift? 
Is it possible to break into new markets, will production and 
logistics processes be more transparent? From the point of 
view of horizontal integration, is it possible to use domestic 
producers as suppliers?  Is the implementation of vertical 
integration of corporate processes a preferred task for 
increasing competitiveness? 
The mostly articulated question or warning in connection to 
Industry 4.0 is the spread of robots. The dimension 
Employment expansion, job creation investigates the 
expectations of how the labour market will be affected by the 
growth of robots. How do human working conditions change? 
The success of Industry 4.0 depends heavily on knowledge, 
expertise and capabilities, and the human resources 
management strategy must therefore be tailored accordingly, 
by developing and educating staff with new in-depth digital 
capabilities at different levels. 
2.4 The evaluation process  
For evaluation, the data and metadata about the questions and 
answers of the survey have been loaded into a relational 
database. The evaluation logic of the individual questions was 
formalized with a simple declarative language. Then each 
answer was converted to a simple scalar number (point). The 
process was automatic and was executed iteratively, manually 
tweaking the evaluation logic of each individual survey 
questions until the statistical properties of the evaluated 
answers regarding the question seemed satisfying, i.e. the 
empirical distribution of the points have fitted the theoretical 
distribution. This way it was ensured that the process was free 
of calculation or algorithmic errors. 
4. FIRST RESULTS 
The focus of the questionnaire is twofold as previously 
described: assessing the individual abilities and the level of 
readiness of enterprises at micro level, and gaining a 
comprehensive understanding of the situation in Hungary at 
macro level. At the beginning of the questionnaire, to draw 
further conclusions, the participants were asked about the type 
and size of their organization. As Fig. 1 shows, mainly 
industrial enterprises of different sizes are represented in the 
results: 75% of the participants are small, medium or large 
enterprises. 
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Fig. 1. Type and size distribution of respondents 
One of the most important pillars of Industry 4.0 is the real-
time availability of all relevant information, which assumes 
that all of the objects in the value chain are connected in one 
network, and the optimal value stream can be determined from 
the data at all times (Monostori et al., 2016; Kagermann et al., 
2013). The data comes from everywhere: production line 
sensors, smart products, social media, digital images and 
videos, shopping transactions, GPS position data from mobile 
devices – this new type of resource is constantly being 
produced and is expected to be accessible anywhere. When a 
large amount of data is being collected, that is shared among 
the partners in the value network, it is necessary to clarify who 
are the owners of the industrial data. In case of a specific 
company, which data can it access, which one can it use, which 
one is it authorised to see in full, partly or anonymously. The 
first results are presented in the following sections. The focus 
is on questions in connection to data collection, their 
processing and utilization. 
As one can see in Fig. 2, most Hungarian companies have 
recognized that data collection is indispensable if they want to 
remain competitive in the future: in total, about 78% of them 
collects production data at least partially. 
 
Fig. 2. Question: Does your company collect data about 
production processes and machines? 
The next step after data collection is the data processing, with 
the aim of using it for a specific purpose. An interesting result 
is that not the entire volume of the collected data is evaluated: 
in general, 16% of the data is not used (Fig. 3).  
 
Fig. 3. Question: To what extend does the company use the 
collected data? 
The next question should be, for what purposes the data the 
participants collected is used for? In case of production data, 
the top three areas are Quality management, Production 
optimization and Technology development (Fig. 4). 
Interestingly, by almost 13% more companies use data for 
technology development, than for product development. 
 
Fig. 4. Question: In which areas does your company use the 
collected data? 
The survey contained questions about the Industry 4.0 
technologies related to production data, too. The participants 
were asked if they have any examples where the production 
process reacts to the manufacturing conditions in real-time: 
74% of them answered with “No”, as one can see in Fig. 5. 
 
Fig. 5. Question: Are there any cases where a process reacts 
to changes in the manufacturing conditions in real-time? 
Cloud based technologies are used by approximately the third 
of the participants, as Fig. 6 shows. The evolution of cloud 
usage is evident: based on IT security and cost considerations, 
it is primarily used for backups, data storage, or software run. 
However, the actual breakthrough, i.e. the use of cloud 
services in manufacturing, is still far away, although this could 
be the area where SMEs could be benefitted most by the cost 
savings. 
 
Fig. 6. Question: Does the company use cloud based services 
in the specified areas? 
In case of product usage data, almost half of the companies use 
the data, 15% of them only collect information about products 
but never use them, and more than third of them (36%) do not 
collect product usage data at all (Fig. 7). 
 
Fig. 7. Question: Is product usage data evaluated? 
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Comprehensive data collection and processing about product 
usage affect the enterprise business model, since additional 
services could be created by utilizing it. In our sample of 
respondents, most of this data is used for product optimization 
purposes, and are utilised to the smallest extent for developing 
new product features (Fig. 8). 
 
Fig. 8. Question: In which areas is the product usage data 
utilised? 
One can see in Fig. 9 that Hungarian companies are not strong 
at offering special services based on collected data. In a third 
of them there is no additional value produced in connection to 
the products, and only 9% of them indicated that more than 
10% of their income comes from this type of services. 
 
Fig. 9. Question: Income share of special services offered by 
manufacturers based on collected data 
6. CONCLUSIONS 
In the paper, a survey with 99 questions was introduced, which 
was created with the aim of assessing the Industry 4.0 
readiness of companies in Hungary. The relevant parts of the 
questionnaire were described in detail, and the first results – 
namely the evaluation of questions with respect to data 
collection, processing and utilization were presented. 
Smart products designed to satisfy the increasing customer 
demands know their own production process and are able to 
collect and transmit data about their entire life cycle, operation 
and use (Monostori et al., 2016). According to the survey, the 
majority of industrial companies in Hungary understood the 
importance of this fact: 78% of them had at least partial data 
collection, primarily for quality control and production 
statistics purposes. Although data is being collected, in most 
cases its actual use has not yet become the integral part of the 
manufacturing and production processes. Based on the survey, 
Hungarian companies are striving to use the collected product 
data, but they are yet far from fully utilizing the revenue 
generating potential of the additional services developed on 
this basis. They are thus ahead of a long familiarisation, 
technical development and innovation process affecting their 
entire operation in terms of business model and integration of 
the new technologies. 
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